Introduction

1
Kelp forests dominate shallow-water rocky habitats across much of the world's temperate 2 coastline (Steneck et al. 2002) . As foundation species, they support high levels of primary 3 productivity, magnified secondary productivity, and provide habitat for a highly diverse 4 associated flora and fauna (Mann 2000; Steneck et al. 2002; Smale et al. 2013) . forming kelps influence the immediate environment by altering light availability (Wernberg 6 et al. 2005) , water flow (Rosman et al. 2007) , sedimentation rates (Eckman et al. 1989 ) and 7 physical disturbance (Connell 2003; Smale et al. 2011) . Kelps exhibit very high levels of 8 primary productivity and play an important role in the capture and export of energy in coastal 9 marine food webs (Dayton 1985; Krumhansl and Scheibling 2012) . In coastal waters, the 10 primary productivity of kelp forests may be comparable to that of the phytoplankton (Leclerc 11 et al. 2013; Smale et al. 2013) .
12
The structure and extent of kelp forest habitat is influenced by a variety of physical variables, 13 including temperature (Mabin et al. 2013; Wernberg et al. 2013) , light availability (Kain processes (Steneck et al. 2002; Russell et al. 2009; Johnson et al. 2011) . As such, a range of 22 concurrent, interacting processes operate at multiple spatial and temporal scales to exert 23 control on kelp-dominated communities and ecosystems (Wernberg et al. 2011) .
24
In coastal marine ecosystems, it has long been recognised that physical disturbance caused by 25 wave action plays a key role in structuring benthic communities (Denny 1987; Gaylord 26 1999) . Exposure to wave action can have both sub-lethal and lethal effects on habitat-forming 27 macroalgae and their associated species. For example, exposure to waves has been found to 28 influence the morphology, size, age structure and biomass of kelp species (Sjotun and 29 Fredriksen 1995; Pedersen et al. 2012; Bekkby et al. 2014 ), which in turn affects the 30 composition and abundance of its associated assemblages (Norderhaug et al. 2014) .
31
Moreover, intense hydrodynamic forces generated during storms can cause high mortality of 32 habitat-forming kelp and associated species through damage and dislodgement (Cowen et al. 1 1982; Krumhansl and Scheibling 2011; Filbee-Dexter and Scheibling 2012) . Large waves 2 typical of winter storms can dislodge entire kelp plants and lead to thinning or, in extreme 3 cases, complete clearing of areas of kelp forests (e.g. Ecklonia, Thomsen et al. 2004; 4 Laminaria, Saunders and Metaxas 2008; Macrocystis, Reed et al. 2011) . Although occasional 5 disturbances are thought to be vital in maintaining diversity and promoting turnover of 6 species and nutrients (Smale et al. 2010; Krumhansl and Scheibling 2012) , the increased 7 frequency of high-intensity storms that is predicted for many regions may decrease kelp 8 forest biodiversity and simplify food webs (Byrnes et al. 2011) . The relative impact of storm 9 disturbances will, however, vary between kelp species due to differences in morphology and 10 phenology (Thomsen and Wernberg 2005; de Bettignies et al. 2014) , and will also be affected 11 by grazing damage and overgrowth by epibiota (Krumhansl et al. 2011) . Understanding the 12 susceptibility of habitat-forming species and entire kelp forests to intense storm disturbances 13 is critical for predicting ecosystem structure and functioning in warmer, stormier seas. (Fig. 1 ), we proposed and tested the hypothesis that the 2013-2014 winter storm season 7 significantly impacted subtidal kelp forest structure, by causing high levels of dislodgment 8 and mortality that led to decreased abundances of mature sporophytes.
9
Materials and methods
10
Wave buoy data
11
As part of a strategic coastal monitoring programme, continuous wave and weather data have minutes. We analysed the following wave parameters: significant wave height (H s ), which is 19 the average of the highest one-third of waves measured in the 30-minute logging event; 20 maximum wave height (H max ), which is the single highest wave height observed in the 21 logging event; and wave period (T z ), which is the average wave period for the logging event.
22
Data were first quality checked before extracting and analysing the maximum value for each 23 of the parameters for every day in the 5-year record.
24
Impacts on kelp forest structure 25 The structure of subtidal kelp forests was examined before and after the winter storm season 26 of 2013/2014 at 3 study sites close to Plymouth, UK (Fig. 1 ). Sites were situated ~25 km 27 eastwards of the Looe Bay wave buoy (Fig. 1) , at a similar depth and distance from the Mewstone site was fully exposed to predominant south-westerly winds and waves, Stoke
4
Point was slightly more sheltered due to its southeast-facing aspect, and the Northwest
5
Mewstone site was most sheltered due to its aspect and the protection offered by nearby 6 submerged reefs and ridges (Fig. 1) (Woolf et al. 2002; Southward et al. 2004; Smyth et al. 2010 ).
14 Kelp forest structure was quantified using standard survey techniques by SCUBA diving. At 
Results
12
Wave buoy data Point or South Mewstone but were common at Northwest Mewstone (Fig. 4) , which is 6 relatively more sheltered from wave action. At Northwest Mewstone, the average abundance 7 of L. ochroleuca had declined by 30.7% in 2014 compared with 2013 (Fig. 4) . Similarly, S.
8 latissima was common in 2013 but was not recorded in transects in 2014 (Fig. 4) , although a 9 few individuals were observed at the study site. For both species, a significant site x year 10 interaction was detected ( Bay wave buoy. Bekkby, T., Rinde, E., Gundersen, H., Norderhaug, K.M., Gitmark, J.K., and Christie, H. Mabin, C., Gribben, P., Fischer, A., and Wright, J. (2013) Post-hoc test for 'Year' within Northwest Mewstone level of 'Site': t = 2.23, P = 0.014* 36 37
